Introduction {#sec1-1}
============

Substance P (SP), an undecapeptide belonging to the tachykinin family of peptides, is widely distributed throughout the whole body. The neurokinin-1 receptor (NK-1R, which also shows a widespread distribution throughout the body), the NK-2R and the NK-3R mediate the biological actions exerted by tachykinins (SP, neurokinin A, neurokinin B). SP has the highest affinity for the NK-1R and hence the biological actions (*e.g*., neurogenic inflammation, pain, mitogenesis, regulation of the cardiovascular system) exerted by SP are mainly mediated by this receptor. SP is released from nerve endings and has also been located in human non-neuronal cell types.^[@ref1],[@ref2]^

SP not only acts as a neurotransmitter but could also act, in cancer cells, as a functional regulator in an autocrine and/or paracrine manner.^[@ref1],[@ref3],[@ref4]^ Many data confirm the involvement of the SP/NK-1R system in cancer: i) both SP and the NK-1R have been located in peri- and intra-tumoral blood vessels and in tumor cells;^[@ref4],[@ref5]^ ii) at nanomolar concentration, SP induces mitogenesis in many human cancer cells;^[@ref2],[@ref4],[@ref6]^ iii) SP increases the phosphorylation of Akt, exerting an antiapoptotic effect,^[@ref19]^ and iv) SP induces the migration of cancer cells promoting invasion/metastasis: this is mediated by the Rho-associated coiled-coil kinase (ROCK) signalling pathway which modulates the myosin regulatory light chain protein; the phosphorylation of this protein (SP increases its phosphorylation) promotes changes in cellular shape, including blebbing; these changes are essential for cancer cell movement, spreading and infiltration.^[@ref20]^ This is very important, since the prevention of metastasis is a major goal in cancer treatment (over 90% of cancer deaths are derived from the development of metastases).^[@ref4]^ It is known that NK-1R antagonists inhibit the above effects mediated by SP and, in addition, promote the apoptosis of human cancer cells.^[@ref4],[@ref7],[@ref13],[@ref15]^ These findings mean that the SP/NK-1R system plays an important role in cancer progression, that the NK-1R is an important target for cancer treatment and that NK-1R antagonists may act as broad-spectrum antitumor drugs.^[@ref4],[@ref7],[@ref10],[@ref11],[@ref13],[@ref21]^ For this reason, in order to develop new therapeutic strategies, it is crucial to demonstrate the presence in tumor cells of SP and the NK-1R. In this sense, this work aims to study by immunohistochemistry the presence of SP/NK-1R in human thyroid cancer (TC) and in healthy thyroid samples. In a patient with medullary TC, a high level of SP in plasma has been previously reported.^[@ref22]^ Moreover, only in one case of twenty-seven cases of medullary TC the presence of SP was demonstrated by immunohistochemistry,^[@ref23]^ whereas in other study the expression of NK-1R was reported in 10/12 medullary TC samples.^[@ref5]^ Thus, based on this poor and partial knowledge (only medullary TC was previously studied), here we try to demonstrate for the first time the immunolocalization of SP and NK-1R in four human TC types (papillary, follicular, anaplastic, metastasis) and in healthy samples.

In humans, TC is the most prevalent endocrine malignancy.^[@ref24]^ Differentiated thyroid carcinoma (DTC), which includes papillary and follicular cancer, comprises the vast majority (\> 90%) of all TC. TC includes types ranging from indolent localized papillary carcinomas to the fulminant and lethal anaplastic disease.^[@ref25]^ The most frequent subtype is the DTC, derived from epithelial cells, and includes papillary (PTC, 80%), follicular (FTC, 11%) and other less frequent histologic subtypes \[*e.g*., Hürthle cells, insular, poorly differentiated TC (PDTC), follicular variant of PTC, tall cell carcinoma\]. The risk of developing PTC is higher in patients suffering from Hashimoto's thyroiditis. This TC type is more aggressive than others PTC.^[@ref26]^ The medullary TC (MTC), derived from the calcitoninproducing parafollicular cells (C cells) of the thyroid gland, represents 5-10% of all TCs,^[@ref27]^ whereas the anaplastic TC (ATC), a highly aggressive tumor, is present in only 2% of the patients, this being one of the most lethal human tumors with a mean survival of six months after diagnosis. There are other subtypes even less frequent, such as lymphomas or sarcomas from the thyroid gland.^[@ref28]^ Distant metastases (half of them are detectable at initial stages of the disease) are observed in about 15% of DTC patients.^[@ref29]^ Unfortunately, the incidence of TC continues to rise rapidly worldwide, especially in women: it has been predicted that in 2019, PTC would have become the third most common cancer in women.^[@ref30]^ Recently, a study has been published on thyroid cancer incidence trends in USA and the authors concluded that incidence trends have been mainly shaped by changes in professional guideline recommendations.^[@ref31]^ Thus, new therapeutic strategies must be urgently developed. One of these could be the use of NK-1R antagonists and hence, to develop in the future this new therapeutic strategy, it is first needed to know whether the SP/NK-1R system is expressed or not in human TC. This is the main goal of this work.

Materials and Methods {#sec1-2}
=====================

Thyroid tissue samples were collected from patients diagnosed with TC and surgically treated with curative intent. We studied 135 samples from 26 cases (ten males and 16 females). There were 9 cases of FTC, 9 cases of PTC (two of them with Hürthle cell variant and one with follicular variant), 2 cases of MTC, 2 cases of ATC and 4 cases of undifferentiated metastasis TC (MeTC). Healthy thyroid samples were also taken from individuals of both sexes. This research was approved by the Badajoz University School of Medicine Ethical Committee (Badajoz, Spain). Informed consents were obtained from the patients and both protocol and procedure of this work were performed under the ethical guidelines and legal recommendations of both Spanish and European Union laws. The study was conducted according to the Declaration of Helsinki.

Four tissue samples were picked from each case studied: the first for SP, the second for NK-1R, the third for hematoxylin-eosin and the forth was used as negative control (the primary antibody was omitted, being replaced by non-immune serum: no immunostaining was observed) ([Figures 1B](#fig001){ref-type="fig"} and [2B](#fig002){ref-type="fig"}). Samples of human lung cancer, in which the presence of SP and NK-1R was previously demonstrated by immunohistochemistry,^[@ref16]^ were used as positive control. Immunoreactivity, as previously reported,^[@ref16]^ was found in lung cancer sections in the expected location of the targeted antigen. Samples were fixed in 4% formaldehyde and embedded in paraffin blocks. Then, adequate tissue sections (4 μm) were obtained for DAKO Autostainer Instruments, mounted on slides and finally each sample was identified. Sections were deparaffinised with xylene and rehydrated through a series of ethanol. Then, heat-induced epitope retrieval using PT Link module and EnVision Flex protocols on an automated system (Autostainer Link) was performed according to manufacturer's instructions (DAKO, Santa Clara, USA). For antigen retrieval, the sections were boiled in citrate buffer (2.94 g/L sodium citrate, pH 6.0) for 15 min and subsequently cooled to 30ºC. Endogenous peroxidase activity was blocked by incubating the sections in methanol with 1.5% H~2~O~2~ for 2 min. After washing with phosphate-buffered saline (PBS), the sections were incubated with 10% non-immune horse serum for 15 minutes. Sections were incubated overnight at 4ºC with 1/1,000 diluted anti-NK-1R antibody (SAB-4502913, Sigma-Aldrich, Madrid, Spain) or 1/2,000 diluted anti-SP antibody (S-1542, Sigma-Aldrich). Sections were washed in PBS and incubated in biotinylated horse anti-mouse antibody (1/500) (Vector Laboratories Inc., Burlingham, CA, USA) with peroxidase- streptavidin conjugate (1/400) (Immunotech Laboratories, Monrovia, CA, USA) for 30 min. The sections were washed in phosphate-citrate buffer (pH 5.8), and SP and NK-1R were visualized by light microscopy with diaminobenzidine (DAB) reagent (0.06% 3, 3 diaminobenzidine tetrahydrochloride and 0.03% H~2~O~2~ in phosphate-citrate buffer). TC samples were evaluated by an independent pathologist. In each slide, ten representative high-power microscopic fields were evaluated using a 40x objective. The presence or absence of immunoreactivity for SP/NK-1R in follicular and endothelial cells, colloid and stroma was studied, as well as the int ensity o f the i mmu noreacti vit y and whether or not t he immunoreactivity was localized in the nucleus and/or the cytoplasm of cells. In order to decrease subjectivity in the observation of the immunoreactivity, a semiquantitative scoring system (Allred Unit Scoring System) was applied.^[@ref32]^ This is a method for scoring the immunostaining signals from 0 to 8. Moreover, the proportion score (PS) that represents the estimated proportion of positive tumor cells on the entire section has been also assigned (ranging from 0 to 5), as well as the intensity score (IS) estimating the average staining intensity of positive tumor cells (ranging from 0 to 3). The PS and IS are summed to obtain the total score (TS), from 0 to 8.

Results {#sec1-3}
=======

The SP/NK-1R system in the normal thyroid gland {#sec2-1}
-----------------------------------------------

In the follicular cells of healthy samples (compared to TC samples), a lower SP intensity and proportion regarding the nucleus (Allred media TS: 5) and cytoplasm (Allred media TS: 0) were observed ([Figure 1A](#fig001){ref-type="fig"}). No SP-immunoreactivity was observed in the stroma (Allred media TS: 0) and, in the colloid, the immunoreactivity was medium (Allred media TS: 6). NK-1R-immunoreactivity was observed in follicular cells (Allred media TS: 4 (cytoplasm); Allred media TS: 0 (nucleus)) ([Figure 2A](#fig002){ref-type="fig"}). In stroma a weak immunoreactivity was observed (Allred media TS: 2) and no immunoreactivity in the colloid (Allred media TS: 0) (for NK-1R) was found. No immunoreactivity for SP and NK-1R was observed in endothelial cells.

![Thyroid samples: SP expression showing an intense nuclear pattern (arrows). A) Healthy thyroid. B) Negative control. C) PTC. D) FTC. E) Hürthle cell variant TC carcinoma. F) MTC. G) MeTC. H) ATC.](ejh-64-2-3117-g001){#fig001}

![Thyroid samples: NK-1R expression showing a predominantly cytoplasmic pattern (arrows). A) Healthy thyroid. B) Negative control. C) PTC. D) FTC. E) Hürthle cell variant TC carcinoma. F) MTC. G) MeTC. H) ATC.](ejh-64-2-3117-g002){#fig002}

The SP/NK-1R system in TC: SP immunoreactivity {#sec2-2}
----------------------------------------------

[Table 1](#table001){ref-type="table"} shows, according to the Allred Unit Scoring System, the results found for SP in TC samples (stroma, colloid, nucleus/cytoplasm of follicular cells). The peptide was observed in the nucleus of all follicular cells (high intensity and proportion) showing different TS ranges (Allred media TS: 5.69), whereas cytoplasm staining (low intensity and proportion) was observed in 53.8% of these cells (Allred media TS: 2.42).

In PTC (case number: 1-9) ([Table 1](#table001){ref-type="table"}), an intense immunoreactivity was observed in the nucleus of the follicular cells, whereas a lower proportion and intensity staining was visualized in the cytoplasm of these cells, stroma and colloid ([Figure 1C](#fig001){ref-type="fig"}). Moreover, the presence of SP in Hürthle cell variant follicular carcinoma was also studied. Hürthle cells show a granular cytoplasm due to mitochondrial accumulation and the nucleus shows an apparent nucleolus. The periphery of the nucleus showed an intense SP staining, whereas in the stroma, colloid and cytoplasm of the Hürthle cells a low immunoreactivity was observed ([Figure 1E](#fig001){ref-type="fig"}). In an FTC variant arising from Hashimoto's thyroiditis, an intense immunoreactivity was observed in the nucleus of follicular cells that are mixed with a prominent lymphocytic infiltration. A low immunoreactivity was observed in the stroma, colloid and cytoplasm of follicular cells. In FTC samples (case number: 10-17) ([Table 1](#table001){ref-type="table"}), a strong staining in the nuclei of follicular cells was observed, whereas the cytoplasm of these cells, colloid and stroma showed a poor immunoreactivity ([Figure 1D](#fig001){ref-type="fig"}). In MTC samples (case number: 18-20) ([Table 1](#table001){ref-type="table"}), an intense immunoreactivity was found in the nucleus of follicular cells, whereas the cytoplasm showed a moderate intensity ([Figure 1F](#fig001){ref-type="fig"}). In the stroma and colloid of MTC samples, a very low immunoreactivity was visualized. In MeTC (case number: 23-25) ([Table 1](#table001){ref-type="table"}), the highest intensity in immunoreactivity was observed in the nucleus of follicular cells, whereas the cytoplasm of these cells, stroma and colloid showed an intense immunoreactivity ([Figure 1G](#fig001){ref-type="fig"}). ATC (case number: 21 and 22) ([Table 1](#table001){ref-type="table"}) showed an intense immunoreactivity in the nuclei of follicular cells, whereas in the stroma, colloid and cytoplasm of follicular cells a low SP-immunoreactivity was visualized according to the Allred Unit Scoring System ([Figure 1H](#fig001){ref-type="fig"}).

Finally, no immunoreactivity for SP was observed in the small blood vessels of TC samples; however, in some large blood vessels observed in FTC samples the immunoreactivity was exclusively found in endothelial cells (nucleus: high intensity; cytoplasm: moderate intensity) ([Figure 3](#fig003){ref-type="fig"}).

The SP/NK-1R system in TC: NK-1R immunoreactivity {#sec2-3}
-------------------------------------------------

In [Table 2](#table002){ref-type="table"}, the NK-1R immunostaining is shown according to the Allred Unit Scoring System. An intense/highly proportioned cytoplasmic staining was observed in 93.3% of the samples and no nuclear staining in 88.5% of them. In healthy thyroid glands, a cytoplasmic staining was observed but lower (intensity and proportion) than that found in TC; no nuclear staining was observed ([Figure 2A](#fig002){ref-type="fig"}).

###### 

SP immunoreactivity in human TC samples.

                       Cytoplasm   Nucleus   Stroma   Colloid                               
  ---- --- ---- ------ ----------- --------- -------- --------- --- --- --- --- --- --- --- ---
  1    M   59   PTC    2           2         4        3         3   6   2   3   5   2   4   6
  2    F   48   PTC    0           0         0        2         2   4   0   0   0   4   2   6
  3    M   39   PTC    2           1         3        2         1   3   2   2   4   3   2   5
  4    M   51   PTC    0           0         0        4         3   7   3   1   4   4   2   6
  5    F   21   PTC    0           0         0        4         3   7   2   1   3   3   2   5
  6    M   31   PTC    2           2         4        2         1   3   0   0   0   0   0   0
  7    F   41   PTC    4           3         7        2         3   5   0   0   0   4   2   6
  8    F   39   PTC    0           0         0        3         4   7   0   0   0   1   1   2
  9    M   57   PTC    0           0         0        2         3   5   0   0   0   1   1   2
  10   F   40   FTC    0           0         0        4         2   6   0   0   0   0   0   0
  11   F   73   FTC    3           1         4        4         4   8   0   0   0   4   2   6
  12   F   76   FTC    0           0         0        2         3   5   3   1   4   0   0   0
  13   F   32   FTC    0           0         0        2         2   4   1   2   3   1   1   3
  14   M   28   FTC    0           0         0        4         3   7   0   0   0   3   1   4
  15   F   63   FTC    5           1         6        5         3   8   2   1   3   0   0   0
  16   F   11   FTC    0           0         0        4         2   6   0   0   0   3   1   4
  17   F   26   FTC    0           0         0        4         3   7   0   0   0   3   2   5
  18   M   50   MTC    2           1         3        4         3   7   4   1   5   0   0   0
  19   M   74   MTC    0           0         0        1         2   3   0   0   0   0   0   0
  20   F   75   MTC    3           2         5        4         3   7   0   0   0   0   0   0
  21   F   72   ATC    3           2         5        2         1   3   3   3   6   0   0   0
  22   F   63   ATC    2           1         3        3         2   5   0   0   0   0   0   0
  23   M   34   MeTC   2           2         4        4         3   7   2   2   4   4   2   6
  24   M   57   MeTC   5           1         6        2         1   3   0   0   0   0   0   0
  25   F   39   MeTC   4           2         6        5         3   8   3   1   4   0   0   0

ATC, anaplastic TC; F, female; FTC, follicular TC; M, male; MTC, medullary TC; MeTC, metastasis TC; PTC, papillary TC. Nucleus/cytoplasm data are referred to follicular cells.

In PTC (case number: 1-9) ([Table 2](#table002){ref-type="table"}), an intense expression of NK-1R was observed in the cytoplasm of follicular cells ([Figure 2C](#fig002){ref-type="fig"}), whereas the colloid showed a moderate intensity. No immunoreactivity for SP was observed in the stroma and nuclei of follicular cells.

In FTC (case number: 10-17) ([Table 2](#table002){ref-type="table"}), a high expression of NK-1Rs was observed in the cytoplasm of follicular cells; in the nuclei of these cells and in the stroma, low or no immunoreactivity was observed, whereas in the colloid the immunoreactivity was moderate ([Figure 2D](#fig002){ref-type="fig"}). In a FTC variant arising from Hashimoto's thyroiditis, NK-1R-immunoreactivity was found in the cytoplasm of follicular cells, whereas in the stroma, colloid and nuclei of these cells a low or no immunoreactivity was visualized. In MeTC (case number: 23-26) ([Table 2](#table002){ref-type="table"}), a high NK-1R immunoreactivity was observed in the cytoplasm of follicular cells, whereas in the stroma, colloid and nuclei of these cells a low or no immunoreactivity was observed ([Figure 2G](#fig002){ref-type="fig"}). In the cytoplasm of Hürthle cells, NK-1R immunoreactivity was observed ([Figure 2E](#fig002){ref-type="fig"}). In MTC samples (case number: 18-20) ([Table 2](#table002){ref-type="table"}), C cells showed a cytoplasm intensely stained; in contrast, no immunoreactivity was observed in the rest of the tissue ([Figure 2F](#fig002){ref-type="fig"}). In ATC (case number: 21 and 22) ([Table 2](#table002){ref-type="table"}), a complete disruption of the follicular thyroid architecture was found and in general the immunoreactivity for NK-1R was low ([Figure 2H](#fig002){ref-type="fig"}). Finally, no immunoreactivity for the NK-1R was observed in blood vessels.

![SP expression in large blood vessels (FTC sample). Immunoreactive nucleus in the endothelial cell (black arrow). No immunoreactivity in tunica media/intima (blue arrow).](ejh-64-2-3117-g003){#fig003}

###### 

NK-1R immunoreactivity in human TC samples.

                       Cytoplasm   Nucleus   Stroma   Colloid                               
  ---- --- ---- ------ ----------- --------- -------- --------- --- --- --- --- --- --- --- ---
  1    M   59   PTC    3           3         6        0         0   0   0   0   0   3   2   5
  2    F   48   PTC    4           3         7        0         0   0   0   0   0   5   1   6
  3    M   39   PTC    5           2         7        0         0   0   2   1   3   3   2   5
  4    M   51   PTC    3           2         5        0         0   0   0   0   0   3   1   4
  5    F   21   PTC    3           2         5        0         0   0   0   0   0   0   0   0
  6    M   31   PTC    2           3         5        0         0   0   2   1   3   0   0   0
  7    F   41   PTC    4           3         7        0         0   0   0   0   0   3   2   5
  8    F   39   PTC    4           3         7        0         0   0   2   1   3   4   2   6
  9    M   57   PTC    3           2         5        0         0   0   2   1   3   0   0   0
  10   F   40   FTC    4           3         7        0         0   0   0   0   0   2   1   3
  11   F   73   FTC    4           3         7        0         0   0   4   2   6   4   3   7
  12   F   76   FTC    3           3         6        0         0   0   0   0   0   3   3   6
  13   F   32   FTC    2           3         5        0         0   0   1   2   3   3   2   5
  14   M   28   FTC    4           2         6        0         0   0   0   0   0   0   0   0
  15   F   63   FTC    3           1         4        0         0   0   0   0   0   0   0   0
  16   F   11   FTC    4           2         6        0         0   0   0   0   0   0   0   0
  17   F   26   FTC    5           3         8        0         0   0   1   1   2   3   2   5
  18   M   50   MTC    4           3         7        0         0   0   3   1   4   0   0   0
  19   M   74   MTC    3           3         6        0         0   0   0   0   0   0   0   0
  20   F   75   MTC    5           2         7        3         2   5   2   1   3   0   0   0
  21   F   72   ATC    2           2         4        2         2   4   0   0   0   3   2   5
  22   F   63   ATC    2           1         3        2         2   4   0   0   0   3   2   5
  23   M   34   MeTC   5           3         8        0         0   0   0   0   0   0   0   0
  24   M   57   MeTC   5           3         8        0         0   0   0   0   0   2   1   3
  25   F   39   MeTC   4           3         7        0         0   0   2   2   4   2   1   3
  26   F   39   MeTC   5           3         8        0         0   0   0   0   0   3   1   4

ATC, anaplastic TC; F, female; FTC, follicular TC; M, male; MTC, medullary TC; MeTC, metastasis TC; PTC, papillary TC. Nucleus/cytoplasm data are referred to follicular cells.

Statistical analysis {#sec2-4}
--------------------

In comparison to controls and in order to analyze changes regarding the immunostaining observed in TC samples, the Wilcoxon test for paired samples was performed ([Tables 3](#table003){ref-type="table"} and [4](#table004){ref-type="table"}). The 5% (P\<0.05) level was considered significant. The software used was SPSS Statistics 19.3. In TC, no sex or age differences were found regarding the proportion/intensity of SP or NK-1R.

Comparing the presence of nuclear SP immunostaining in TC and normal follicular cells, it was demonstrated that the number of TC cells expressing the peptide was higher than that observed in normal cells (P\<0.000), whereas the cytoplasmic expression of SP in TC was more than two-fold higher than in normal ones (P\<0.001). In stroma, the immunostaining in TC was twice that of healthy cases (P\<0.002), whereas in the colloid of the healthy tissue there was more SP than in TC samples (P\<0.008).

The number of TC follicular cells expressing NK-1Rs in the cytoplasm was higher than that observed in normal cells (P\<0.000), whereas no statistical difference was found between TC and normal follicular cells, regarding the nuclear expression of NK-1R (P\<0.102). In the stroma, the number of cells expressing the NK-1R (in TC samples) was lower, in comparison with that found in healthy samples (P\<0.010); in the colloid of TC samples NK-1R immunoreactivity was observed, but this was not found in normal samples (P\<0.001).

Discussion {#sec1-4}
==========

For the first time, the immunolocalization of SP and NK-1R in human normal thyroid glands has been described as well as in four types of TC samples (ATC, FTC, MeTC and PTC). SP and the NK- 1R have been observed in all TC and healthy samples studied. The main finding of this work is that the expression of both SP/NK-1R was higher in TC samples than in healthy ones. Our data increase the knowledge of the SP/NK-1R system in TC, since only the presence of SP/NK-1R in MTC had previously been reported.^[@ref5],[@ref23]^ However, it is important to note that here we observed SP in all normal and MTC samples studied; in contrast, previous studies reported SP immunoreactivity in 1 case of 27 MTC^[@ref23]^ and immunoreactivity for NK-1R in 10 cases of 12 MTC.^[@ref5]^

The presence of SP/NK-1R in the nucleus/cytoplasm of TC follicular cells is in agreement with the results found, in previous studies, in other human cancer cells: kerastocystic odontogenic tumors,^[@ref33]^ gastric tumor,^[@ref18],[@ref34]^ larynx carcinoma,^[@ref35]^ oral squamous tumor,^[@ref36]^ small and non-small lung cancer,^[@ref16]^ melanoma^[@ref15]^ and breast cancer.^[@ref17]^ In large blood vessels of FTC samples, SP has been observed in the nucleus of endothelial cells. This is in agreement with previous works reporting the presence of SP in the nucleus of these cells located in placenta, decidua, trophoblasts of fetal membranes and chorionic villi (cytotrophoblast and syncytiotrophoblast). ^[@ref1]^ Moreover, SP was also located in the nuclei of Hofbauer cells and myocytes and in vascular anomalies the expression of both SP and NK-1R was reported.^[@ref2],[@ref37]^ It is also known that in tumors, both SP and NK-1R were found in intra- and peritumoral blood vessels and, in fact, during neoangiogenesis, both tissue innervation and the expression of NK-1 receptors were increased.^[@ref4],[@ref5]^ It has been demonstrated that NK-1R antagonists (*via* the NK-1R) exert an antiangiogenic action, since they inhibited tumor neoangiogenesis.^[@ref38],[@ref39]^

As previously suggested,^[@ref2],[@ref34]^ the presence of SP in the nuclei of TC cells (*e.g*., follicular cells) indicates that the peptide could act as an epigenetic factor, regulating gene expression in these cells. In fact, SP regulates transcription factors and proto-oncogenes (*e.g*., NF-kB, c-fos, c-jun, AP-1, hypoxia-inducible factor (HIF-1α), cmyc) that are involved in inflammation (NF-kB), cell cycle progression and cellular transformation (c-myc), angiogenesis/vasculogenesis (HIF-1α), cellular differentiation (c-fos, c-jun, AP-1), apoptosis.^[@ref4],[@ref6],[@ref40],[@ref41]^ The presence of SP in the cytoplasm of normal and TC follicular cells suggests that the peptide is released, exerting autocrine, paracrine and/or endocrine actions.^[@ref4],[@ref8]^ Moreover, the presence of SP in the colloid of normal and TC samples supports the release and storage of the peptide into the colloid, whereas the presence of the NK-1R in the colloid of TC samples, but not in normal thyroid samples, suggests that it is related to the turnover of tumor cells which is higher in TC cells than in healthy cells.

NK-1R is involved in the viability of cancer cells and it has been suggested that, because the signal mediated by SP is crucial for tumor cells, these cells overexpress the receptor.^[@ref4],[@ref8],[@ref14],[@ref16]^ SP could be released from TC cells and, via the NK-1R, to facilitate the proliferation of TC cells (autocrine mechanism),^[@ref4],[@ref8],[@ref18],[@ref42],[@ref43]^ since in human cancer cells it is known that SP induces mitogenesis.^[@ref4],[@ref8],[@ref12],[@ref44]^ Thus, SP (*via* the NK-1R) activates members of the mitogenactivated protein kinase (MAPK) cascade \[*e.g*., extracellular signal- regulated kinases 1 and 2 (ERK1/2) is translocated into the nucleus, promoting cell proliferation\]. To activate the MAPK cascade, the presence of a functional EGFR kinase domain is required^[@ref6],[@ref45]^ and it is also known that SP increases the phosphorylation/ activity of protein kinase B (which it is inhibited by NK-1R antagonists), suppressing apoptosis.^[@ref19],[@ref46],[@ref47]^ SP also promotes the migration/invasion of cancer cells,^[@ref42]^ this being an important prerequisite for cancer progression and hence membrane blebbing (this is mediated by the SP/NK-1R system) is crucial in cell spreading and migration.^[@ref48]^

###### 

Comparison of the SP immunoexpression in TC and healthy thyroid samples (Allred media). Wilcoxon Test with bilateral asymptotic significance.

  Immunostaining                 Thyroid cancer (Allred media)   Healthy thyroid samples (Allred media)   P
  ------------------------------ ------------------------------- ---------------------------------------- ---------
  Cytoplasm (follicular cells)   2.42 \[0.00-7.00\]              0.00 \[0.00-0.00\]                       \<0.001
  Nucleus (follicular cells)     5.69 \[3.00-8.00\]              4.00 \[4.00-4.00\]                       \<0.000
  Stroma                         1.88 \[0.00-6.00\]              0.00 \[0.00-0.00\]                       \<0.002
  Colloid                        2.53 \[0.00-6.00\]              4.00 \[4.00-4.00\]                       \<0.008

###### 

Comparison of the NK-1R immunoexpression in TC and healthy thyroid samples (Allred media). Wilcoxon Test with bilateral asymptotic significance.

  Immunostaining                 Thyroid cancer (Allred media)   Healthy thyroid samples (Allred media)   P
  ------------------------------ ------------------------------- ---------------------------------------- ---------
  Cytoplasm (follicular cells)   6.19 \[3.00-8.00\]              4.00 \[4.00-4.00\]                       \<0.000
  Nucleus (follicular cells)     0.50 \[0.00-5.00\]              0.00 \[0.00-0.00\]                       \<0.102
  Stroma                         1.15 \[0.00-6.00\]              2.00 \[2.00-2.00\]                       0.010
  Colloid                        2.53 \[0.00-7.00\]              0.00 \[0.00-0.00\]                       \<0.001

The possible release of SP from TC cells suggests that the peptide could exert a paracrine action on endothelial cells expressing the NK-1R, since SP could induce the proliferation of the latter cells promoting neovascularization and hence promoting the development of the tumor.^[@ref4]^ Moreover, the tumor mass could also release SP into the blood (endocrine mechanism), increasing the plasma level of the peptide. This is supported by a high plasma level of SP observed in a patient with MTC.^[@ref22]^ This is very important since the increased SP level could promote development of the paraneoplasic syndrome (thrombosis, emotional stress, pruritus, malnutrition). Platelets express NK-1R, SP induces thrombosis and NK-1R antagonists decrease the thrombus formation.^[@ref49]^ Thus, the release of SP from the tumor mass can induce thrombophilia because the risk of thrombosis is increased. An increase in the plasma level of SP has been related to emotional stress (anxiety and depression) and hence the release of SP from the TC tumor mass could induce depression because the peptide could trigger cancer progression by establishing a cross-talk between the limbic system (emotional stress) and the TC tumor mass and *vice versa*. The high level of SP in blood could be related to pruritus, since it is known that the peptide induces pruritus and that NK-1R antagonists improve it.^[@ref50]^

The SP/NK-1R system is also involved in energy production (glycolysis) and it is known that the glycolytic rate is higher in cancer cells than in normal ones and that, by means of the glycogen breakdown, cancer cells augment their metabolism and hence the size of the tumor mass also increase.^[@ref4],[@ref51]^ It has been suggested that the glycolytic function is linked to the number of NK-1R expressed by the cell: tumor cells express more NK-1Rs than normal cells and, for this reason, the glycolytic rate is higher in the tumor cells.^[@ref4]^

During the last 10 years, efforts have been made to investigate the molecular pathways and critical alterations involved in the tumorigenesis of TC.^[@ref52],[@ref53]^ Consensus guidelines recommend that patients with TC undergo a surgical procedure (full thyroidectomy), whereas adjuvant radioiodine treatment (^131^I) is indicated for patients showing a higher risk for disease recurrence/mortality. In general, recurrence is treated with surgery, radioactive iodine and external beam radiation.^[@ref54]^ A high dose of levothyroxine is administered to suppress serum thyrotropin and in this way the stimulation of possible remaining tumor cells is blocked. Thus, there are numerous therapeutic strategies to treat TC. A novel strategy could be the use of NK-1R antagonists, since the SP/NK-1R system is expressed in TC. The expression/secretion of peptides (*e.g.*, SP) by tumor cells opens new therapeutic possibilities to improve both diagnosis and treatment of tumors.

In summary, this work shows the immunolocalization of SP and NK-1R in human normal thyroid and TC samples. Here, a semiquantitative scoring system (Allred Unit Scoring System) was applied and hence the subjective interpretation of the results, after the application of the immunohistochemical technique, was considerably decreased. This is important since the methodology developed in this work can be potentially applied in routine cases. In healthy thyroid, SP was located in follicular cells (nucleus) and colloid, whereas in TC the peptide was observed in follicular cells (nucleus and cytoplasm), stroma and colloid. In normal thyroid, NK- 1R was visualized in follicular cells (cytoplasm) and stroma, whereas in TC the receptor was found in follicular cells (cytoplasm), stroma and colloid. The expression (Allred TS score) of SP and NK-1R was weaker in normal thyroid glands than in TC. In comparison with normal thyroid samples, a higher intensity/proportion of SP (nucleus and cytoplasm of follicular cells; stroma) was observed in TC samples. By contrast, in the colloid of normal thyroid glands the presence of SP was higher than in TC. In comparison with normal thyroid samples, the presence of the NK-1R in the cytoplasm of follicular cells and colloid was higher in TC samples, whereas the expression of this receptor in the stroma was lower. Our study increases knowledge of the SP/NK-1R system in normal thyroid samples and four types of TC (ATC, FTC, metastasis TC and PTC). The results reported in this study suggest that, in addition to other emerging therapeutic strategies against TC \[*e.g*., immunotherapy (monoclonal antibodies and immune checkpoint blockade, adoptive immunotherapy), targeting chemokine receptors, inhibitors of the MAPK and PI3K pathways\],^[@ref55]^ the NK-1R could be a new target for the treatment of TC and that the use of NK-1R antagonists could serve as a new anti-TC therapeutic strategy.
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